Seema Lakdawala works in the field of influenza virology. In this mSphere of Influence article, she reflects on how the article "Conserved and hostspecific features of influenza virion architecture" by Edward C. Hutchinson et al. (Nat Commun 5:4816, 2014, https://doi.org/10.1038/ncomms5816) made an impact on her thinking about what constitutes an infectious virus and how influenza viruses can spread within and among hosts. Citation Lakdawala SS. 2019. mSphere of Influence: redefining an influenza virus-how different are influenza viruses and extracellular vesicles? mSphere 4:e00563-19. https://doi .
A n image of influenza viruses is clear to most biologists-a circular blob speckled with viral glycoproteins: hemagglutinin (HA) and neuraminidase (NA). In "Conserved and host-specific features of influenza virion architecture" (1) , the authors reexamined the proteome of influenza virions grown in traditional cell culture or chicken eggs using liquid chromatography and tandem mass spectroscopy (LC-MS/MS). In addition to the viral proteome, a large number of host proteins were identified in influenza virions, which are similar to protein markers of extracellular microvesicles. Importantly, they observed differences in the protein composition of influenza viruses generated in chicken eggs compared to human cells. This observation, in the context of other recent publications demonstrating that viral RNA can be released within extracellular vesicles (2, 3), has reshaped my own thinking about what constitutes an infectious virus and how influenza viruses can spread within an individual host and between different host populations.
Influenza viruses bud from the plasma membrane of a host cell, similar to some extracellular microvesicle populations (4). Hutchinson and colleagues performed labelfree absolute quantification of viral and host proteins in purified virion preparations. Their purification process is critical, because they used heme absorption to differentiate influenza virions from host extracellular microvesicles that lacked the HA protein. HA is known to agglutinate red blood cells, and heme absorption will enrich HA-containing viruses onto large red blood cells that can be pelleted out of solution. This processing step is critical because some extracellular microvesicles are similar in size to influenza virions (ϳ100 nm) (4) . Previous studies exploring the protein content of influenza viruses may have been biased with host extracellular vesicles contaminating virus cultures; thus, this new methodology to separate HA-containing virions from microvesicles provides a clearer picture of the influenza viral proteome.
Extracellular microvesicles transport protein or nucleic acid signals throughout the body, which at a basic level is the same function as viruses. Research on extracellular microvesicles during viral infections has suggested a lack of delineation between extracellular microvesicles and virion populations, since they both contain similar proteins and nucleic acids (5) . The heterogenous population of viruses and extracellular vesicles may be an important component of viral pathogenies and spread. In addition, recent data from my group and others have demonstrated that the viral RNA inside influenza virions is not uniformly bound to the viral nucleoprotein and that regions of the viral RNA are flexible (6-9). Taken together with the data presented by Hutchinson et al., it is likely that some of the host components identified through virion LC-MS/MS may also be bound to viral RNA. The association of host proteins with viral RNA may impact the replication capacity of certain segments in subsequent infections. Additional research is needed to answer many open questions that arise from these findings. Does the viral proteome differ based on cell type and virus strain? Can changes in the viral proteome impact infectivity of influenza virions? How are transmission and pathogenesis of influenza viruses impacted by the incorporation of host proteins?
A graphical coloring page based on the data presented by Hutchinson et al. (1) is freely available from Art Goes Viral (https://www.gla.ac.uk/media/media_531204_en. pdf) or in reference 10 and is a visual representation of how the architecture of an influenza virion has changed.
